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. Series of absorbance and PL spectra for RIR Sample I (panel a) and Sample III (panel b). Aliquots were taken during the growth of the different samples, and show a gradual red shift of the PL emission. The PL spectrum of the CdSe core nanorods is shown for comparison (dashed line). Corresponding time-resolved decay traces are shown in panels ce, with a continuous increase in the PL lifetime during shell growth.
Supplementary Figure 7.
The FLN spectrum of RIR sample I, excited at 2.07 eV, together with a fit with five Gaussian components. Peaks can be assigned to the longitudinal optical (LO) modes of CdSe (LO 1 = 25 meV) and CdS (LO 2 = 35 meV), with respective overtones at 50 meV and 70 meV. A mixed phonon overtone is observed at LO 12 = 60 meV. RIR potential felt by the exciton electron (a) and hole (b) when piezoelectric fields are not considered. The calculation includes quantum confinement, strain and Coulomb attraction, but no piezoelectric field. For electrons the CdSe core potential is raised by ~0.1 eV due to hydrostatic compression (for holes it is lowered by ~0.2 eV), but the band alignment remains type I, favoring electron and hole localization inside the core. The potential is symmetric along the long axis of the RIR, which rules out the spatial separation of electrons and holes in this direction. , and Coulomb potential generated by the opposite carrier (V eh ). The strain potential raises the bottom of the conduction band, but for this RIR (sample III) the overall effect of (a) and (b) leads to a type I band offset. The piezoelectric potential, on the other hand, creates potential wells for electrons and holes on the opposite sides of the rod. Because the resulting system is type-II, the Coulomb interactions between the electron and the hole are fairly weak.
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Supplementary Figure 10.
Same as supplementary figure 9 but with a 2D view. All potentials are in eV.
Supplementary Figure 11 . Plot of the band structure and ground state wave functions for sample RIR I, and corresponding ground state exciton electron and hole wave functions. The piezoelectric field strength is comparable to the longitudinal confinement. This results in a more symmetric potential and wave functions closer to the center of the core compared to RIR Sample III (see also figure 4 in the main text). As a result, the electron-hole overlap is much larger (supplementary table 3 ).
Supplementary Figure 12.
Comparison of the PL spectrum of RIR sample III, measured at room temperature and 4 K, respectively. Multiexciton emission spectroscopy was performed at 4 K in order to improve the PL linewidth and enhance the visibility of any shifts in the PL spectrum.
Supplementary Figure 13 . a) The PL spectra of RIR Sample I under increasing fluence show only a slight rise of the PL on the blue side of the emission band, characteristic for biexciton emission in quasi-type II CdSe/CdS heteroNCs. 2 b) Time-resolved streak camera image collected at a fluence of 11.2 µJ.cm -2 . The spectrum after 22 ns is comparable to the single exciton emission spectrum (panel a), allowing to deduce a 28 meV blue shift for the MX emission. Table 2 . Size analysis of the core region as obtained via HAADF-STEM and EDS, and mean dilatation maps of the CdSe/CdS core/shell NCs. We used HAADF-STEM images of 40 RIRs, with the cores of CdSe clearly observable due to the difference in Zcontrast with respect to the CdS shells. Average dimensions of the cores were calculated from EDS by measuring the intensity of the Se Kα line. Line scans were performed along the two main axes of 10 RIRs. For the peak pair analysis (PPA) method of the strain maps, a Braggfiltered image was obtained by selecting the main diffraction spots from the 2D FFT of the RIR. An unperturbed central area of the RIR was taken as reference for calculating the strainmodified lattice parameters of the whole crystal. The average length and width of those areas were calculated from the mean dilatation maps using 10 NCs. The error on the average values includes both the measurement error and the dispersion on the CdSe core sizes.
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EDS Line scan HAADF-STEM Strain map
Average length (nm) 21.8 ± 2.1 22.1 ± 2.0 32.0 ± 2.1
Average width (nm) 10.6 ± 1.0 9.9 ± 1.02 11.6 ± 0.7 
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, where k is a constant fitted to match the experimental lifetime τ of Core Sample I. One can see that increasing the size of core-only NCs has a weak effect on the radiative lifetimes. Only the addition of the CdS shell gives rise to a sizable decrease of the electron-hole overlap, resulting in longer lifetimes. This behavior is particularly pronounced for large RIRs owing to the weaker longitudinal confinement. In large RIRs, the emission energy becomes smaller than the optical band gap of CdSe (1.74 eV). Two values of the conduction band offset (cbo) are used in the calculations to take into account the range of conduction band offsets given in literature. 3 In both cases, the predicted trends are qualitatively consistent with experiments, supporting the fact that piezoelectricity plays a central role in determining the optical properties of RIRs. This is further confirmed by the calculated  when the piezo-electric effect is not considered: for a cbo of 0.32 eV (0.12 eV), we find 23 ns (39 ns), 22 ns (28ns) and 20 ns (25 ns), for RIR Sample I, II and III respectively. (*) wurtzite valence band deformation parameters are usually given for multiband Hamiltonians with coupled heavy and light hole subbands (see e.g. Jeon et al. 10 ). Because we work with a single-band (decoupled) heavy hole Hamiltonian, we estimate deformation potential values which implicitly account for the coupling to near and remote bands. The diagonal kinetic energy and strain terms of heavy holes in the multiband Hamiltonian read:
And the corresponding effective single-band Hamiltonians:
Assuming the inclusion of non-heavy-hole bands scales the deformation potential parameters to the same extent as the mass parameters, one obtains: At the end of each reaction the solution was rapidly cooled and 10 mL of toluene was added at 90 °C. The particles were purified by adding 5 mL of ethanol and centrifuging them at 3000 rpm for 5 min, after which the nanorods were dispersed in toluene. This process was repeated 3 times, with final dispersion in 3 mL of toluene. The CdSe nanorod concentration was determined by combining the size, obtained via TEM, with elemental analysis using inductively-coupled plasma optical emission spectroscopy. The samples were finally dried in a glove box and dispersed in TOP at a concentration of 3 µM.
